Unprotected N-methylanthranilic acid (1a) could be directly coupled with alcohols under Steglich esterification conditions, paving the way to a straightforward synthesis of sapintoxin D (2a) and a series of fluorescent bioprobes for drug targets of current biomedical relevance (PKC, TRPM8, SERCA).
Although better known for the pleasant smell of its methyl ester, a major odor component of petitgrain oil [1] , N-methylanthranilic acid (mantylic acid, NMAA, 1a) also occurs naturally as part of the complex acyl decoration of certain Euphorbia diterpenoids, as exemplified by sapintoxin D (SAPD, 2a) from Indian tallow (Sapium indicum Willd.) [2] , and milliamine H from Crown of Christ (E. milii Desmoul) [3] . The strong bright-blue fluorescence of N-methylanthranilic acid has made SAPD a popular probe to investigate the biology of PKC in membrane studies [2] . SAPD (2a) is very difficult to obtain by isolation, since it is only a minor constituent (ca. 5 ppm) of the Indian tallow fruits [4] , its only natural source. Furthermore, it is accompanied by a host of analogues having similar polarity, chromatographic behavior, and obnoxious properties [4] . The isolation of SAPD is clearly an unattractive and daunting task. To provide more readily available amounts of this compound, a semi-synthesis based on the Steglich esterification of phorbol 13,20-diacetate with N-FMOC protected anthranilic acid (1b) was developed [5] . However, few experimental details were given, epimerization problems due to the basesensitivity of phorbol were encountered, and the overall yield was not reported [6] .
As part of an investigation on receptors activated by lipid messengers [7, 8] , we became interested in the preparation of the N-methylanthranoyl analogues of a series of complex polyol esters, including, apart from sapintoxin D, also the ultrapotent SERCA inhibitor thapsigargin (3a) [9] and the selective PKC activator ingenol 3-angelate (PEP 005, 4a) [10] . The esterification of aminobenzoic acids is not a trivial transformation [11] , and the reaction of anthranilic acid has been thoroughly investigated to provide access to analogues of methyllycaconitine, an α7-nicotinic antagonist [11] . The solution devised [use of N-(trifluoroacetyl)anthranilic acid as the acylating agent] could not be applied to SAPD because of the presence of functional groups incompatible with NaBH 4 , a reagent necessary to remove N-protection. To develop a general esterification protocol for NMAA, menthol (5a), the archetypal TRPM8 ligand [12] , was used, combining substrate simplicity and biological significance. To address the instability of polyfunctional substrates under acid or basic conditions, three orthogonally protected N-alkoxycarbonyl NMAA derivatives (1b-d) were prepared.
Reaction of menthol (5a) with N-BOC anthranilic acid (1c) (1.1 equivalents) under Steglich conditions (1.1 equivalents DCC, 0.3 equivalents DMAP, toluene) [13] was accompanied by the instantaneous deprotection of NMAA, and no evidence (TLC, 1 H NMR) of esterification could be obtained. Similar results were obtained with N-FMOC-and N-CBZ protected NMAAs (1b and 1d, respectively). In separate experiments, it was discovered that the three N-carbamoyl protected amino acids 1b-d were easily deprotected by the addition of catalytic amounts of DMAP. Since 1b-d were stable in the presence of triethylamine, deprotection was due to the hypernucleophilic properties of DMAP [13] rather than its basicity. A mechanism involving the attack of DMAP to the carbamoyl carbonyl and next the extrusion of CO 2 from an iminium carbamic intermediate could nicely explain these observations, including the catalytic role of DMAP in the reaction (Scheme 1, A). Also the N-BOC derivatives of anthranilic acid and of p-aminobenzoic acid were smoothly deprotected by treatment with DMAP, showing that electronic effects (delocalization of the nitrogen lone pair on the carbonyl) underlie the vulnerability of these carbamates to nucleophiles and the departure of a nitrogen-rather than an oxygen leaving group in the critical acyl displacement step. Given these observations, it was hardly surprising that the reported Steglich esterification of phorbol 12, 20diacetate (2b) with N-alkoxycarbonyl protected anthranilic acids [5] could not be reproduced.
These unanticipated difficulties made us ponder on the actual need to use a protecting group for the esterification of NMAA. In this amino acid, intramolecular hydrogen bonding between the carboxylic group and the ortho-amino group can take place, with both functions potentially acting as hydrogen bonding donor or acceptor (Scheme 2, A and B) [14] . Since aromatic amines are weak nucleophiles, we wondered if involvement in intramolecular hydrogen bonding could further decrease the nucleophilic behavior of the amino group of NMAA, making its acylation slower than the esterification of the adjacent carboxyl. Much to our delight, we found that menthol (5a) could indeed be smoothly esterified with unprotected NMAA under Steglich conditions, affording 5b, an interesting fluorescent probe for TRPM8, in a rewarding 67% yield. Even with a large excess of the acid/DCC/DMAP triad (up to 6 equivalents), formation of depsipeptides by N-acylation of 5b was not observed, showing that intramolecular hydrogen bonding effectively quenches the reactivity of NMAA toward weak electrophiles like DCCactivated carboxylic acids [15] . The mildness of the conditions and the liberation from the protection tyranny make this protocol appealing, especially for multifunctional and labile substrates. Thus, SAPD (2a) could be obtained from phorbol 12,20-diacetate (2b) [16] by Steglich esterification of the 12-hydroxyl with NMAA (50% yield) and solvolitic removal of the 20-acetate (50% yield). No basic step was involved in the transformation of 2b into SAPD that was therefore obtained free from its biologically inactive 4α-epimer [5] . In a similar way, 8-deacylthapsigargin (3b) [17] could be smoothly converted (67% yield) into its 8-N-methylanthranoyl ester (3c), a potential SERCA fluorescent probe, while the 5,20-acetonide of ingenol [18] afforded the PKC probe 4b (39% yield after deprotection with acids). Treatment of 4b with HCl in CHCl 3 led to its quantitative rearrangement to furnish the complementary PKC probe 4c [18, 19] . The direct esterification method was not successful with anthranilic acid, presumably because of the presence of a non-coordinated proton on the nitrogen atom.
In conclusion, we have developed a simple and protecting-group free esterification protocol for NMAA, paving the way to a straightforward synthesis of SAPD and to the incorporation of this interesting fluorofore into a series of compounds of relevance for membrane studies of various enzymes (PKC, SERCA) and ion channels (TRPM8) of current biomedical relevance [20] .
Experimental
Menthyl N-methylanthranilate (5b): To a solution of (-) menthol (406 mg, 2.60 mmol) in toluene (6 mL), DMAP (367 mg, 3.0 mmol, 1.17 equivalents), DCC (966 mg, 4.68 mmol, 1.8 equivalents), and powdered molecular sieves (3 Å , 0.5 g) were added. After stirring 15 min at room temperature, a soln of NMAA (570 mg, 3.77 mmol, 1.45 equivalents) in warm CH 2 Cl 2 -toluene (4:1, 2.5 mL) was added. The reaction was followed by TLC (petroleum ether-EtOAc 95:5). After stirring two hours at room temperature, the reaction stalled, and was driven to conclusion by the addition of four further equivalents of DCC, DMAP and NMAA After stirring another two hours, the reaction was eventually worked up by filtration, and the filtrate washed with toluene. After dilution with EtOAc, the reaction mixture was washed with 2N H 2 SO 4 and brine, dried (Na 2 SO 4 ) and evaporated. The residue was purified by gravity column chromatography (CC) on silica gel using petroleum ether-EtOAc 98:2 as eluant. 196 mg (67%) 5b was obtained as a colorless oil. (1:1, 20 mL) , phorbol 13,20-diacetate (500 mg, 1.10 mmol) and DMAP (230 mg, 2.20 mmol, 2.0 equivalents) were added. The solution was next heated to 55°C and DCC (530 mg, 2.30 mmol, 2 equivalents) was added. A white precipitate was formed almost immediately, and the course of the reaction was followed by TLC (petroleum ether-EtOAc 6:4). After two hours the reaction stalled, and was driven to conclusion by the addition of two further equivalents of DCC, DMAP and NMAA. After two hours, the reaction was filtered, and the filtrate was washed with toluene. After dilution with EtOAc, the reaction was worked up as described for the preparation of 5b, and the residue was purified by gravity CC on silica gel (25 g petroleum ether-EtOAc gradient). 20-acetyl SAPD (325 mg, 52%) was obtained from fractions eluted with petroleum ether-EtOAc 6:4. Deprotection was carried out by dissolving the 20-acetyl derivative in MeOH (10 mL) and adding 65% HClO 4 dropwise until pH reached 1.5. After stirring at room temp. for 10 h, the reaction was worked up by neutralization with solid NaHCO 3 and evaporation. The residue was purified by gravity CC on silica gel (12.5 g, petroleum ether-EtOAc 7:3 as eluant) to afford 220 mg SAPD as a yellowish amorphous solid. 
8-Deacyl-8-N-methylanthranoylthapsigargin (3c):
To a solution of 8-deactylthapsigargin (3b) (435 mg, 0.65 mmol) in dry toluene (4 mL), DCC (238 mg, 1.15 mmol, 1.8 equivalents) and DMAP (92 mg, 0.75 mmol, 1.17 equivalents), and powdered molecular sieves (3 Å, 0.5 g) were added. After stirring 15 min at room temperature, NMAA (143 mg, 0.94 mmol, 1.45 equivalents) dissolved in warm CH 2 Cl 2 -toluene (5:1, 1.2 mL) was added. After stirring 2 h at room temperature, the reaction was worked up by filtration on a sintered glass funnel. The precipitate was washed with toluene, and the pooled filtrates were treated with 5% NaHCO 3 and dried (Na 2 SO 4 ). Removal of the solvent left a brownish residue, that was purified by gravity CC on silica gel (25 g, petroleum ether-EtOAc 98:2 as eluant) to afford 292 mg (67%) of 3c as a yellowish foam. 
Ingenol-3-N-methylanthranilate (4b):
To a solution of ingenol 5,20 acetonide (50 mg, 0.13 mmol) in dry toluene (1 mL), NMAA (42 mg, 0.28 mmol, 2.2 equivalents), DMAP (26 mg, 0.21 mmol, 1.6 equivalents) and DCC (60 mg, 0.28 mmol, 2.2 equivalents) were added. After stirring at 90°C for 6 h, the reaction was worked up by filtration. The precipitate was washed with toluene, and the filtrates were treated with 5% NaHCO 3 and dried (Na 2 SO 4 ). After evaporation, the residue was purified by gravity CC on silica gel (10 g, petroleum ether-EtOAc 8:2 as eluant) to afford 30 mg (45%) of the 3-Nmethylanthranoyl derivative. A sample of the latter (25 mg, 0.048 mmol) was dissolved in l mL of 0.34% HClO 4 in methanol. After stirring overnight at room temp., the reaction was worked up by the addition of 5% NaHCO 3 and evaporation of methanol. The remaining water suspension was extracted with EtOAc, and the organic phase was washed with brine. After drying (Na 2 SO 4 ) and evaporation, the residue was purified by gravity CC on silica gel ( 
